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Abstract: Neuromodulators such as dopamine can alter the intrinsic firing properties of neurons, and may
thereby change the configuration of larger functional circuits. The primate orbitofrontal cortex (OFC)
receives dopaminergic input from midbrain nuclei, but the role of dopamine in the OFC is still unclear.
Here we tested the idea that dopaminergic activity changes the pattern of connectivity between the OFC
and the rest of the brain, and thereby reconfigures functional networks in the OFC. To this end, we
combined double-blind, placebo-controlled pharmacology (D2 receptor [D2R] antagonist amisulpride) in
humans with resting-state functional magnetic resonance imaging (fMRI) and clustering methods. In the
placebo group, we replicated previously observed parcellations of the OFC into two and six subregions
based on connectivity patterns with the rest of the brain. Most importantly, while the 2-fold clustering
did not differ significantly between groups, blocking D2R receptors significantly changed the composition
of the 6-fold parcellation, suggesting a dopamine-dependent reconfiguration of functional OFC subregions.
Moreover, multivariate decoding analyses revealed that amisulpride changed the whole-brain connectiv-
ity patterns of individual OFC-subregions. In particular, D2R blockade shifted the balance of OFC
connectivity from associative areas in the temporal and parietal lobe toward functional connectivity with
the frontal cortex. In summary, our results suggest that dopamine alters the composition of functional
OFC circuits, possibly indicating a broader role for neuromodulators in the dynamic reconfiguration of
functional brain networks. SIGNIFICANCE STATEMENT: A key role of any neuromodulator may be
the reconfiguration of functional brain circuits. Here we test this idea with regard to dopamine and the
organization of functional networks in the OFC. We show that blockade of dopamine D2-receptors has
profound effects on the functional connectivity patterns of the OFC, yielding in altered connectivity-based
subdivisions of this region. Our results suggest that dopamine changes the connectional configuration
of the OFC, possibly leading to transitions between different operating modes that favor either sensory
input or recurrent processing in the prefrontal cortex. More generally, our findings support a broader role
for neuromodulators in the dynamic reconfiguration of functional brain networks and may have clinical
implications for understanding the actions of antipsychotics.
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VOLFHWKLFNQHVVPPLQSODQHUHVROXWLRQϭϭϯ
[PPHFKRWLPH7(PVIOLSDQJOH7HPSRUDOVLJQDOWRQRLVHUDWLRW615LQWKH2)&GLGϭϭϰ
QRWGLIIHUEHWZHHQJURXSVt76 íp )RUQRUPDOL]DWLRQSXUSRVHVD7ZHLJKWHGKLJKUHVROXWLRQ[ϭϭϱ
[PPVWUXFWXUDOLPDJHZDVDFTXLUHGXVLQJWKHIROORZLQJLPDJLQJSDUDPHWHUVPDWUL[VL]H[ILHOGRIϭϭϲ
YLHZVOLFHVIOLSDQJOH75 PV7( PVϭϭϳ
ϭϭϴ
ϭϭϵ


Preprocessing of fMRI images ϭϮϬ
3UHSURFHVVLQJRIIXQFWLRQDOLPDJHVZDVSHUIRUPHGXVLQJ630:HOOFRPH'HSDUWPHQWRI,PDJLQJϭϮϭ
1HXURVFLHQFH,QVWLWXWHRI1HXURORJ\/RQGRQ8.DQGFRQVLVWHGRIVOLFHWLPHFRUUHFWLRQUHDOLJQPHQWDQGϭϮϮ
FRUHJLVWUDWLRQRIVWUXFWXUDODQGIXQFWLRQDOLPDJHV6SDWLDOQRUPDOL]DWLRQWRWKHVWDQGDUGWHPSODWHRIWKH0RQWUHDOϭϮϯ
1HXURORJLFDO,QVWLWXWH01,ZDVSHUIRUPHGE\HVWLPDWLQJGHIRUPDWLRQILHOGVEDVHGRQWKHDQDWRPLFDOLPDJHϭϮϰ
'HIRUPDWLRQILHOGVZHUHXVHGWRZULWHWZRVHWVRIQRUPDOL]HGIXQFWLRQDOLPDJHVRQHZLWKDYR[HOVL]HRI[[ϭϮϱ
PPPPVHWDQGRQHZLWKDYR[HOVL]HRI[[PPPPVHW%RWKVHWVZHUHVSDWLDOO\VPRRWKHGZLWKDϭϮϲ
*DXVVLDQNHUQHORIPPIXOOZLGWKDWKDOIPD[LPXP):+0ϭϮϳ
ϭϮϴ
Filtering of fMRI time series ϭϮϵ
,QGLYLGXDOI05,WLPHVHULHVZHUHILOWHUHG)R[HWDO9DQ'LMNHWDOXVLQJDJHQHUDOOLQHDUPRGHOϭϯϬ
*/07KH*/0FRQWDLQHGVL[UHJUHVVRUVUHODWHGWREHWZHHQVFDQKHDGPRYHPHQWVIURPWKHUHDOLJQPHQWϭϯϭ
SURFHGXUHDFRQVWDQWWHUPDOLQHDUWUHQGWKHDYHUDJHVLJQDOIURPDZKLWHPDWWHUPDVNWKHϭϯϮ
DYHUDJHVLJQDOIURPD&6)PDVNDQGWKHDYHUDJHVLJQDOIURPDJUD\PDWWHUPDVN7KHWLPHVHULHVLQHDFKϭϯϯ
YR[HOZDVSUHGLFWHGXVLQJWKLVVHWRIUHJUHVVRUVDQGWKHUHVXOWLQJUHVLGXDOVZHUHKLJKSDVVILOWHUHGFXWRII ϭϯϰ
VDQGXVHGIRUDOOVXEVHTXHQWDQDO\VHVϭϯϱ
ϭϯϲ
Orbitofrontal cortex and rest-of-brain mask ϭϯϳ
7KH2)&PDVNZDVGHILQHGXVLQJWKHIROORZLQJ$$/PDSODEHOV/HIWDQGULJKWVXSHULRURUELWDOJ\UXVϭϯϴ
OHIWDQGULJKWPLGGOHRUELWDOJ\UXVOHIWDQGULJKWLQIHULRURUELWDOJ\UXVOHIWDQGϭϯϵ
ULJKWPHGLDORUELWDOJ\UXVDQGOHIWDQGULJKWUHFWDOJ\UXV7KHUHVXOWLQJ2)&PDVNϭϰϬ
FRPELQHGYR[HOVLQWKHOHIWDQGULJKWPHGLDODQGODWHUDORUELWRIURQWDOFRUWH[7KLV2)&PDVNZDVVXEWUDFWHGIURPϭϰϭ
DZKROHEUDLQJUD\PDWWHUPDVNDQGWKHUHVXOWLQJYR[HOVZHUHGHILQHGDVWKHUHVWRIEUDLQPDVN7KXVWKHUHZDVϭϰϮ
QRRYHUODSEHWZHHQWKHUHVWRIEUDLQPDVNDQGWKH2)&PDVNϭϰϯ
ϭϰϰ
Connectivity-based parcellationϭϰϱ
:HVXEGLYLGHGWKH2)&XVLQJDSUHYLRXVO\SXEOLVKHGPHWKRG.DKQWHWDO,QEULHIIRUHDFK2)&YR[HOϭϰϲ
WKH WLPHVHULHV FRUUHODWLRQ ZLWK HYHU\ RWKHU YR[HO LQ WKH UHVWRIEUDLQ PDVN ZDV FRPSXWHG  7KH UHVXOWLQJϭϰϳ


FRQQHFWLYLW\ YHFWRUV RQH SHU 2)& YR[HO ZHUH WKHQ XVHG WR JURXS WRJHWKHU 2)& YR[HOV WKDW KDYH D VLPLODUϭϰϴ
FRQQHFWLYLW\SURILOHZLWKWKHUHVWRIWKHEUDLQ6LPLODUPHWKRGVKDYHEHHQXVHGWRVXEGLYLGHEUDLQUHJLRQVXVLQJϭϰϵ
GLIIHUHQWPHDVXUHVRIFRQQHFWLYLW\VXFKDVGLIIXVLRQWUDFWRJUDSK\-RKDQVHQ%HUJHWDOUHVWLQJVWDWHI05,ϭϱϬ
.HOO\HWDODQGFRDFWLYDWLRQV(LFNKRIIHWDOϭϱϭ
:HILUVWFRPSXWHGWKH3HDUVRQFRUUHODWLRQFRHIILFLHQWEHWZHHQWKHWLPHVHULHVLQHDFK2)&YR[HOIURPWKHϭϱϮ
PPVHWDQGWKHWLPHVHULHVLQHYHU\RWKHUYR[HOLQWKHUHVWRIEUDLQPDVNIURPWKHPPVHWIRUHDFKVXEMHFWϭϱϯ
'LIIHUHQW YR[HO VL]HV ZHUH XVHG WR PDLQWDLQ KLJK VSDWLDO UHVROXWLRQ LQ WKH 2)& ZKLOH DFFRPPRGDWLQJϭϱϰ
FRPSXWDWLRQDODQGPHPRU\OLPLWDWLRQV7KLVUHVXOWHGLQD'FRUUHODWLRQPDWUL[1 2)&E\0 ϭϱϱ
UHVWRIEUDLQ YR[HOVZKHUH HDFK URZ UHIOHFWV WKH E\0ZKROHEUDLQ FRQQHFWLYLW\ SDWWHUQ RI RQH2)&YR[HOϭϱϲ
,PSRUWDQWO\ EHFDXVH YR[HOV ZHUH LQ01, VSDFH HDFK YR[HO KDV DSSUR[LPDWHO\ WKH VDPH DQDWRPLFDO SRVLWLRQϭϱϳ
DFURVV VXEMHFWV DOORZLQJ DYHUDJLQJ RI FRQQHFWLYLW\PDWULFHV  $FFRUGLQJO\ LQGLYLGXDO PDWULFHV ZHUH DYHUDJHGϭϱϴ
DFURVVVXEMHFWVDIWHUWUDQVIRUPLQJWKHFRUUHODWLRQFRHIILFLHQWVLQWR)LVKHU¶V=VFRUHV7KHUHVXOWLQJ1E\0PDWUL[ϭϱϵ
ZDVEDFNWUDQVIRUPHG LQWR3HDUVRQ FRUUHODWLRQ FRHIILFLHQWV DQGFRQWDLQHG WKHDYHUDJHZKROHEUDLQ FRQQHFWLYLW\ϭϲϬ
SDWWHUQVRIDOO2)&YR[HOVϭϲϭ
7KH SDUFHOODWLRQ ZDV SHUIRUPHG XVLQJ WKH KPHDQV FOXVWHULQJ DOJRULWKP kmeans DV LPSOHPHQWHG LQϭϲϮ
0$7/$%XVLQJWKHµFRUUHODWLRQ¶RSWLRQLHRQHPLQXVWKHFRUUHODWLRQEHWZHHQWKHFRQQHFWLYLW\SDWWHUQVRI2)&ϭϲϯ
YR[HOVDVGLVWDQFHPHDVXUH %DVHGRQRXUSUHYLRXV VWXG\ .DKQWHW DOZHFRPSXWHGFOXVWHU VROXWLRQVϭϲϰ
ZLWKK    . DQGK    . FOXVWHUV  )RU HDFKK WKH SDUFHOODWLRQZDV SHUIRUPHG  WLPHV RQFH IRU WKHϭϲϱ
SODFHERJURXSRQFH IRU WKHDPLVXOSULGHJURXSDQGRQFH IRUDOO VXEMHFWV WRJHWKHU XVLQJDZHLJKWHGDYHUDJH WRϭϲϲ
DFFRXQW IRU WKH XQHTXDO JURXS VL]HV  7KH SDUFHOODWLRQ ZDV SHUIRUPHG IRU DOO YR[HOV LQ ERWK KHPLVSKHUHVϭϲϳ
VLPXOWDQHRXVO\ 7KDW LV IRU HDFKK WKH FRQQHFWLYLW\SDWWHUQV IURPDOO2)&YR[HOVZHUH VXEMHFWHG WR D VLQJOHϭϲϴ
SDUFHOODWLRQLUUHVSHFWLYHRIWKHDQDWRPLFDOSRVLWLRQLHKHPLVSKHUHRIDJLYHQYR[HO)RUHDFKKZHXVHGWKHϭϲϵ
EHVWVROXWLRQIURPUHSHWLWLRQVZLWKGLIIHUHQWLQLWLDOFHQWURLGVϭϳϬ
1RWH WKDW WKH QRPLQDO ODEHOV DVVLJQHG WR WKH FOXVWHUV DUH DUELWUDU\ DQG GR QRWPHDVXUH DQ\WKLQJ EH\RQGϭϳϭ
FOXVWHU identity  7R DLG YLVXDO LQVSHFWLRQ DQG YLVXDO FRPSDULVRQ EHWZHHQ JURXSZLVH SDUFHOODWLRQV DQG DVϭϳϮ
UHTXLUHPHQWIRUFRPSDULQJWKHQXPEHURIYR[HOVSHUFOXVWHUEHWZHHQJURXSV WKHJURXSZLVHSDUFHOODWLRQVZHUHϭϳϯ
UHODEHOHG WRREMHFWLYHO\PDWFKD WHPSODWH ODEHOLQJVFKHPH WDNHQ IURPRXUSUHYLRXVVWXG\ .DKQWHWDOϭϳϰ
)RUWKLVZHSHUPXWHGDOOKSRVVLEOHFOXVWHUODEHODVVLJQPHQWVDQGFRXQWHGWKHQXPEHURIYR[HOVIRUZKLFKWKHϭϳϱ
FOXVWHUODEHOVPDWFKHGWKHWHPSODWH:HWKHQUHODEHOHGWKHSDUFHOODWLRQZLWKWKHDVVLJQPHQWWKDWPD[LPL]HGWKLVϭϳϲ
QXPEHU9R[HOZLVHFOXVWHUPDSVLQ01,VSDFHFDQEHREWDLQHGIURPWKHFRUUHVSRQGLQJDXWKRUϭϳϳ
ϭϳϴ
ϭϳϵ


Between-group comparison of parcellations ϭϴϬ
:HFRPSDUHGWKHSDUFHOODWLRQVEHWZHHQWKHSODFHERDQGDPLVXOSULGHJURXSXVLQJWKHYDULDWLRQRILQIRUPDWLRQVIϭϴϭ
PHWULF0HLODZKLFKKDVSUHYLRXVO\EHHQDSSOLHG WRI05,FRQQHFWLYLW\EDVHGSDUFHOODWLRQV.HOO\HWDOϭϴϮ
.DKQWHWDO7KHVIPHWULFLVEDVHGRQPXWXDOLQIRUPDWLRQDQGPHDVXUHVWKHGLVWDQFHEHWZHHQWZRϭϴϯ
FOXVWHUVROXWLRQVCDQGC’ϭϴϰ
ܸܫሺܥǡ ܥԢሻ ൌ ܪሺܥሻ ൅ ܪሺܥԢሻ െ ʹܫሺܥǡ ܥԢሻ
ZKHUHܪሺܥሻ DQGܪሺܥԢሻ DUH WKHHQWURSLHVRIFOXVWHU VROXWLRQVC DQGC’ UHVSHFWLYHO\DQGܫሺܥǡ ܥԢሻ LV WKHPXWXDOϭϴϱ
LQIRUPDWLRQEHWZHHQCDQGC’ܪሺܥሻDQGܫሺܥǡ ܥԢሻDUHFRPSXWHGDFFRUGLQJWRϭϴϲ
ܫሺܥǡ ܥԢሻ ൌ ෍ ෍ ܲሺ݇ǡ ݇ᇱሻ݈݋݃ ቆ
ܲሺ݇ǡ ݇ᇱሻ
ܲሺ݇ሻܲሺ݇ᇱሻ
ቇ
௄ᇲ
௞ᇲୀଵ
௄
௞ୀଵ

ܪሺܥሻ ൌ െ෍ܲሺ݇ሻ݈݋݃൫ܲሺ݇ሻ൯
௄
௞ୀଵ

ܲሺ݇ሻLVWKHSUREDELOLW\WKDWDYR[HOLQFOXVWHUVROXWLRQKEHORQJVWRFOXVWHUkDQGܲሺ݇ǡ ݇ᇱሻLVWKHSUREDELOLW\WKDWDϭϴϳ
YR[HOEHORQJVWRFOXVWHUkLQCDQGFOXVWHUk’LQC’)ROORZLQJ0HLODܲሺ݇ሻDQGܲሺ݇ǡ ݇ᇱሻDUHFRPSXWHGϭϴϴ
DFFRUGLQJWRϭϴϵ
ܲሺ݇ሻ ൌ
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݊

ܲሺ݇ǡ ݇ᇱሻ ൌ
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
ZKHUHnk LVWKHQXPEHURIYR[HOVLQFOXVWHUkDQGnLVWKHWRWDOQXPEHURI2)&YR[HOV/RZYDOXHV RI VILQGLFDWHϭϵϬ
KLJKVLPLODULW\EHWZHHQWKHWZRFOXVWHUVROXWLRQVZKHUHDVKLJKVIYDOXHVLQGLFDWHODUJHGLIIHUHQFHVϭϵϭ
)RU VWDWLVWLFDO LQIHUHQFHZHHPSOR\HGDSHUPXWDWLRQ WHVWXVLQJ WKHSDUFHOODWLRQVREWDLQHG IURPn ϭϵϮ
UDQGRP JURXS DVVLJQPHQWV  :H FRPSDUHG WKH VI RI WKH WZR HPSLULFDO JURXSZLVH SDUFHOODWLRQV ZLWK WKHϭϵϯ
GLVWULEXWLRQRIVI’sRISDLUVRISDUFHOODWLRQVREWDLQHGIURPUDQGRPO\DVVLJQHGJURXSV)RUHDFKSHUPXWDWLRQZHϭϵϰ
UDQGRPO\ DVVLJQHG VXEMHFWV WR WZR JURXSV NHHSLQJ WKH RULJLQDO JURXS VL]HV FRPSXWHG WKH JURXSZLVHϭϵϱ
SDUFHOODWLRQVIRUWKHVHQHZJURXSVDQGFRPSXWHGWKHVIEHWZHHQWKHWZRSDUFHOODWLRQV7KHHPSLULFDOO\REVHUYHGϭϵϲ
VIZDVFRQVLGHUHGVLJQLILFDQWLIODUJHUVIYDOXHVZHUHIRXQGLQOHVVWKDQRIWKHUDQGRPSDUFHOODWLRQSDLUVϭϵϳ
pϭϵϴ
ϭϵϵ


ϮϬϬ
Hemispheric Symmetry ϮϬϭ
7RTXDQWLI\WKHKHPLVSKHULFV\PPHWU\RIWKHREWDLQHGSDUFHOODWLRQVZHFRPSXWHGDV\PPHWU\LQGH[SI .DKQWHWϮϬϮ
DO7KLVPHDVXUHUHIOHFWVWKHRYHUODSLQFOXVWHUODEHOVEHWZHHQKHPLVSKHUHVLIRQHKHPLVSKHUHLVPLUURUHGϮϬϯ
DWWKHPLGOLQHϮϬϰ
ܵܫ ൌ
ͳ
ܰ
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ே
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
ZKHUHNLVWKHQXPEHURIYR[HOVLQRQHKHPLVSKHUHDQGxDQGx’DUHWKHFOXVWHUODEHOVRIYR[HOiLQWKHRULJLQDODQGϮϬϱ
PLUURUHGSDUFHOODWLRQUHVSHFWLYHO\%HFDXVHWKLVPHDVXUHUHTXLUHVWKDWHDFKYR[HOH[LVWVLQERWKKHPLVSKHUHVZHϮϬϲ
RQO\ LQFOXGHGYR[HOV WKDWDUHSUHVHQW LQERWKKHPLVSKHUHVDQGGLVFDUGHGDOOYR[HOV WKDWDUHSUHVHQWRQRQHVLGHϮϬϳ
RQO\  'LIIHUHQFHV LQ KHPLVSKHULF V\PPHWU\ ZHUH FRPSDUHG EHWZHHQ JURXSV DQG VWDWLVWLFDO LQIHUHQFH ZDVϮϬϴ
SHUIRUPHGXVLQJDSHUPXWDWLRQWHVWZLWKn UDQGRPJURXSDVVLJQPHQWVVHHBetween-group comparison of ϮϬϵ
parcellationsϮϭϬ
 Ϯϭϭ
Connectivity-based decoding of drug condition ϮϭϮ
,QRUGHUWRWHVWZKHWKHU'5EORFNDGHDOWHUHGWKHIXQFWLRQDOFRQQHFWLYLW\SURILOHRI2)&VXEUHJLRQVZHXVHGDϮϭϯ
EHWZHHQVXEMHFW PXOWLYDULDWH GHFRGLQJ DSSURDFK  :H DLPHG WR GHFRGH WKH GUXJ FRQGLWLRQ DPLVXOSULGH YVϮϭϰ
SODFHER EDVHG RQ WKH ZKROHEUDLQ FRQQHFWLYLW\ SDWWHUQV RI LQGLYLGXDO 2)& VXEUHJLRQV LQ WKH . DQG .Ϯϭϱ
SDUFHOODWLRQV7RDYRLGELDVHVZHXVHGWKH.DQG.SDUFHOODWLRQVFRPSXWHGIURPDOOVXEMHFWV,QFRQWUDVWWRϮϭϲ
FRQYHQWLRQDO093$DSSURDFKHVWKDWXWLOL]HPXOWLYR[HOSDWWHUQVRIDFWLYLW\KHUHZHXVHGPXOWLYR[HOSDWWHUQVRIϮϭϳ
IXQFWLRQDOFRQQHFWLYLW\RILQGLYLGXDO2)&VXEUHJLRQV)RUHDFKVXEMHFWZHFRPSXWHGWKHIXQFWLRQDOFRQQHFWLYLW\Ϯϭϴ
3HDUVRQFRUUHODWLRQEHWZHHQ WKH WLPH VHULHV LQ HDFK2)&VXEUHJLRQ DYHUDJHGDFURVVYR[HOV DQGHYHU\RWKHUϮϭϵ
YR[HO LQ WKH UHVWRIEUDLQ PDVN UHVXOWLQJ LQ WZR DQG VL[ E\0 FRQQHFWLYLW\ SDWWHUQV IRU . DQG .ϮϮϬ
UHVSHFWLYHO\)RUHDFKkLQKWKHVXEMHFWZLVHE\0FRQQHFWLYLW\SDWWHUQVZHUHPHDQQRUPDOL]HGDFURVVYR[HOVϮϮϭ
UHVXOWLQJ LQ ]HURPHDQ YHFWRUV DQG XVHG DV IHDWXUH YHFWRUV LQ D VXSSRUW YHFWRU PDFKLQH 690 FODVVLILHUϮϮϮ
ZZZFVLHQWXHGXWZaFMOLQOLEVYP ZLWK D OLQHDU NHUQHO DQG  UDQGRP OHDYH WZRVXEMHFWVRXW FURVVϮϮϯ
YDOLGDWLRQVWHSV)RUHDFKFURVVYDOLGDWLRQVWHSZHUDQGRPO\GUHZVXEMHFWVIURPHDFKJURXSDVWUDLQLQJGDWDϮϮϰ
DQGIURPWKLVVXEVHWUDQGRPO\GHVLJQDWHGRQHVXEMHFWSHUJURXSDVWHVWGDWD :HWKHQXVHGWKHWUDLQLQJGDWDWRϮϮϱ
WUDLQWKH690WRGLVWLQJXLVKEHWZHHQVXEMHFWVIURPWKHWZRJURXSVEDVHGRQWKHZKROHEUDLQFRQQHFWLYLW\SDWWHUQϮϮϲ
RI WKHkWK2)& VXEUHJLRQ 7KH FODVVLILHUZDV WKHQ WHVWHG RQ WKH WZR OHIW RXW VXEMHFWV DQG WKH SURFHGXUHZDVϮϮϳ


UHSHDWHGIRUWKHQH[WFURVVYDOLGDWLRQVWHS'HFRGLQJDFFXUDF\LHFRUUHFWFODVVLILFDWLRQLQWKHWHVWGDWDZDVϮϮϴ
DYHUDJHGDFURVVWKHFURVVYDOLGDWLRQVWHSVϮϮϵ
)RUVWDWLVWLFDOLQIHUHQFHZHSHUIRUPHGDSHUPXWDWLRQWHVWn LQZKLFKZHFRPSDUHGWKHHPSLULFDOϮϯϬ
GHFRGLQJDFFXUDF\WRWKHGLVWULEXWLRQRIGHFRGLQJDFFXUDFLHVUHVXOWLQJIURPUDQGRPSHUPXWDWLRQVRIJURXSODEHOVϮϯϭ
6SHFLILFDOO\ZH UHSHDWHG WKH LGHQWLFDO VWHS FURVVYDOLGDWLRQ SURFHGXUH GHVFULEHG DERYHZLWK WKH H[FHSWLRQϮϯϮ
WKDWDIWHUUDQGRPO\GUDZLQJVXEMHFWVDQGDVVLJQLQJWZRVXEMHFWVDVWHVWGDWDZHUDQGRPO\VKXIIOHGWKHJURXSϮϯϯ
ODEHOVLQWKHWUDLQLQJDQGWKHWHVWGDWD7KLVZDVUHSHDWHGWLPHVWRJHQHUDWHDGLVWULEXWLRQRIDFFXUDFLHV7KHϮϯϰ
HPSLULFDOO\REVHUYHGGHFRGLQJDFFXUDF\ ZDVFRQVLGHUHGVLJQLILFDQW LI ODUJHUGHFRGLQJDFFXUDFLHVZHUHIRXQG LQϮϯϱ
OHVVWKDQRIWKHUDQGRPSHUPXWDWLRQVpϮϯϲ
Ϯϯϳ
Mapping of informative voxels Ϯϯϴ
7RLOOXVWUDWHWKHUHVWRIEUDLQYR[HOVIRUZKLFKIXQFWLRQDOFRQQHFWLRQVZLWK2)&VXEUHJLRQVZHUHPRGXODWHGE\Ϯϯϵ
'$ZHH[DPLQHGWKHZHLJKWYHFWRURIWKH690FODVVLILHU+RZHYHUUDWKHUWKDQGLUHFWO\XVLQJWKHZHLJKWYHFWRUVϮϰϬ
IURPWKH690GHFRGLQJLHEDFNZDUGPRGHOZHILUVWFRQVWUXFWHGDQHQFRGLQJLHIRUZDUGPRGHOEDVHGRQϮϰϭ
WKHVHZHLJKWVDFFRUGLQJWR+DXIHHWDOϮϰϮ
ܣ ൌ ܵ௫ܹ ௚ܵିଵ
:KHUHW LV WKHZHLJKW YHFWRU RI WKH690GHFRGHU DQG6[ DQG6J DUH WKH FRYDULDQFHPDWULFHV RI WKH WUDLQLQJϮϰϯ
IHDWXUHVDQGODEHOVUHVSHFWLYHO\Ϯϰϰ
,Q FRQWUDVW WR WKH ZHLJKWV RI EDFNZDUG PRGHOV WKH ZHLJKWV RI IRUZDUG PRGHOV FDQ EH LQWHUSUHWHG DVϮϰϱ
UHIOHFWLQJWKHFRQWULEXWLRQRILQGLYLGXDOYR[HOVWRWKHVHSDUDWLRQEHWZHHQWKHWZRJURXSV:HDYHUDJHGWKHYR[HOϮϰϲ
ZLVHIRUZDUGZHLJKWVDFURVVWKHFURVVYDOLGDWLRQVWHSVDQGGLYLGHGHDFKZHLJKWDYHUDJHE\WKHFRUUHVSRQGLQJϮϰϳ
VWDQGDUGGHYLDWLRQ7KLVUHVXOWHGLQZVFRUHVWKDWIRUDJLYHQ2)&VXEUHJLRQUHIOHFWWKHFRQWULEXWLRQRIYR[HOϮϰϴ
ZLVHFRQQHFWLYLW\WRWKHVHSDUDWLRQEHWZHHQJURXSV:HUHSRUWFRQQHFWLRQVWKDWH[FHHGDWKUHVKROGRIpϮϰϵ
%RQIHUURQL FRUUHFWHG IRU WKH QXPEHU RI UHVWRIEUDLQ YR[HOV Z !  DQG WKDW H[FHHG D FOXVWHU H[WHQW RI ϮϱϬ
YR[HOV)RULOOXVWUDWLRQSXUSRVHVZHGLVSOD\WKHFRQQHFWLYLW\PDSVDWDWKUHVKROGRIpXQFRUUHFWHGZ!Ϯϱϭ
ZLWKDFOXVWHUVL]HRI!YR[HOVϮϱϮ
Ϯϱϯ
5HVXOWVϮϱϰ
Connectivity-based parcellation of the OFC Ϯϱϱ


%DVHGRQRXUSUHYLRXVILQGLQJV.DKQWHWDOZHVXEGLYLGHGWKH2)&LQWR.DQG.VXEUHJLRQVE\Ϯϱϲ
JURXSLQJWRJHWKHUYR[HOVWKDWKDYHDVLPLODUSDWWHUQRIFRQQHFWLYLW\ZLWKWKHUHVWRIWKHEUDLQ,QDILUVWVWHSZHϮϱϳ
IRFXVHGRQWKHSODFHERJURXSWRUHYHDOWKHIXQFWLRQDORUJDQL]DWLRQZKHQQHXURPRGXODWRU\DFWLYLW\LVXQGLVWXUEHGϮϱϴ
7KH.SDUFHOODWLRQVHSDUDWHGHDFKKHPLVSKHUHLQWRDPHGLDODQGDQWHULRUODWHUDOVXEUHJLRQ)LJXUH$Ϯϱϵ
7KHYHQWURPHGLDOZDOODUHDVP0DFNH\DQG3HWULGHVWKHJ\UXVUHFWXVDUHDVPUFϮϲϬ
SRVWHULRUDQGSRVWHULRUODWHUDODUHDVDUHDRIRUPHGDQHWZRUNZKHUHDVWKHUHPDLQGHURIWKH2)&LHϮϲϭ
FHQWUDODUHDDQWHULRUDUHDDQGDQWHULRUODWHUDODUHDVPIRUPHGDQRWKHUQHWZRUNZLWKFRKHVLYHϮϲϮ
FRQQHFWLYLW\SDWWHUQVϮϲϯ
,QOLQHZLWKRXUSUHYLRXVILQGLQJV.DKQWHWDOWKH.SDUFHOODWLRQUHYHDOHGDPHGLDODϮϲϰ
SRVWHULRUPHGLDODFHQWUDODQGWKUHHODWHUDOFOXVWHUVVSDQQLQJWKHDQWHULRUSRVWHULRUJUDGLHQW)LJXUHϮϲϱ
$,QWHUPVRIF\WRDUFKLWHFWXUHWKHPHGLDOFOXVWHURFFXSLHGPRVWRIWKHYHQWURPHGLDOZDOODUHDVPϮϲϲ
PLQDGGLWLRQWRDVPDOOIRFDOSDUWRIWKHODWHUDOSRVWHULRU2)&DUHD7KHSRVWHULRUPHGLDOFOXVWHUϮϲϳ
FRQVLVWHGRIODUJHSDUWVRIWKHJ\UXVUHFWXVDUHDPUFDVZHOODVSDUWVRIPRUHODWHUDOSRVWHULRUDUHDVϮϲϴ
DUHD5HJLRQVDWWKHLQWHUVHFWLRQRIWKHWUDQVYHUVHDQGPHGLDORUELWDOVXOFXVDUHDIRUPHGDFHQWUDOϮϲϵ
FOXVWHU)LQDOO\WKHWKUHHODWHUDOFOXVWHUVRFFXSLHGWKHSRVWHULRUODWHUDODUHDRPLGODWHUDODUHDVPϮϳϬ
DQGDQWHULRUODWHUDODUHDVVXUIDFH2YHUDOOERWKWKH.DQG.SDUFHOODWLRQVLQWKHSODFHERJURXSZHUHϮϳϭ
KLJKO\VLPLODUWRRXUSUHYLRXVILQGLQJV.DKQWHWDOϮϳϮ
Ϯϳϯ
Dopamine changes the connectivity-based parcellation of the OFC Ϯϳϰ
:HQH[WH[DPLQHGKRZDOWHULQJGRSDPLQHUJLFQHXURWUDQVPLVVLRQWKURXJK'5EORFNDGHPRGXODWHGWKHϮϳϱ
FRQQHFWLYLW\EDVHGSDUFHOODWLRQVGHVFULEHGDERYH6LPLODUWRWKHSODFHERJURXSWKH.VROXWLRQLQWKHϮϳϲ
DPLVXOSULGHJURXSUHYHDOHGDPHGLDODQGDDQWHULRUODWHUDOFOXVWHU)LJXUH%&RPSDUHGWRWKHSODFHERϮϳϳ
JURXSWKHDQWHULRUODWHUDOFOXVWHUDSSHDUHGQDUURZHUDQGPRUHVWUHWFKHGDORQJWKHDQWHULRUSRVWHULRUD[LVGLYLGLQJϮϳϴ
WKHPHGLDOFOXVWHULQWRDPHGLDODQGSRVWHULRUODWHUDOVHJPHQW+RZHYHUGHVSLWHWKHVHTXDOLWDWLYHGLIIHUHQFHVDϮϳϵ
TXDQWLWDWLYHVWDWLVWLFDOFRPSDULVRQRIWKHSDUFHOODWLRQVEHWZHHQWKHWZRJURXSVXVLQJWKHVIPHWULFUHYHDOHGWKDWϮϴϬ
WKHGLIIHUHQFHVLQWKH.SDUFHOODWLRQDUHZLWKLQWKHUDQJHRIZKDWFDQEHH[SHFWHGE\FKDQFHp )LJXUHϮϴϭ
&,QOLQHZLWKWKLVWKHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQJURXSVLQKHPLVSKHULFV\PPHWU\SODFHERSIϮϴϮ
 DPLVXOSULGHSI p SHUPXWDWLRQWHVW)LJXUH$RUFOXVWHUVL]HVp )LJXUH&Ϯϴϯ
7KHVHILQGLQJVPD\LQGLFDWHWKDWWKHFOXVWHURUJDQL]DWLRQRIWKH2)&ZDVQRWVXEVWDQWLDOO\DOWHUHGE\FKDQJHVLQϮϴϰ
GRSDPLQHUJLFQHXURWUDQVPLVVLRQϮϴϱ
,QFRQWUDVW'5EORFNDGHDSSHDUHGWRKDYHFDXVHGPRUHSURQRXQFHGFKDQJHVLQWKH.SDUFHOODWLRQϮϴϲ
)LJXUH%,QGHHGDSHUPXWDWLRQWHVWXVLQJWKHVIPHWULFUHYHDOHGWKDWWKH.SDUFHOODWLRQVZHUHVLJQLILFDQWO\Ϯϴϳ


GLIIHUHQWEHWZHHQWKHWZRJURXSVp )LJXUH&4XDOLWDWLYHO\ZKLOHWKHPHGLDODQGSRVWHULRUϮϴϴ
PHGLDOFOXVWHUDSSHDUHGUHODWLYHO\VLPLODUWRWKHSODFHERJURXSQRFOHDUO\GHILQHGFHQWUDOFOXVWHUFRXOGEHϮϴϵ
REVHUYHGLQWKHDPLVXOSULGHJURXS,QVWHDGDIRXUWKFOXVWHUZDVUHYHDOHGRQWKHODWHUDOVXUIDFHEHWZHHQWKHϮϵϬ
DQWHULRUODWHUDODQGPLGODWHUDOFOXVWHUV,QOLQHZLWKWKLVWKHQXPEHURIYR[HOVDVVLJQHGWRWKHFHQWUDOFOXVWHUϮϵϭ
ZDVVLJQLILFDQWO\ODUJHULQWKHDPLVXOSULGHFRPSDUHGWRWKHSODFHERJURXSDPLVXOSULGHN SODFHERN ϮϵϮ
p )LJXUH'ZKLOHWKHVL]HRIWKHRWKHUFOXVWHUVGLGQRWGLIIHUVLJQLILFDQWO\DOOp!,QϮϵϯ
DGGLWLRQWKHKHPLVSKHULFV\PPHWU\ZDVVLJQLILFDQWO\ODUJHULQWKHSODFHERJURXSSODFHERSI DPLVXOSULGHϮϵϰ
SI p )LJXUH%VXJJHVWLQJWKDW'5EORFNDGHGLVWXUEHGWKHV\PPHWU\RIWKHIXQFWLRQDO2)&Ϯϵϱ
QHWZRUNV7DNHQWRJHWKHUWKHVHUHVXOWVGHPRQVWUDWHWKDWWKHFRQQHFWLYLW\EDVHGSDUFHOODWLRQRIWKH2)&ZDVϮϵϲ
FKDQJHGE\'5EORFNDGHVXJJHVWLQJWKDW'$UHFRQILJXUHVIXQFWLRQDO2)&QHWZRUNVϮϵϳ
Ϯϵϴ
Dopamine alters connectivity patterns of individual OFC subregions Ϯϵϵ
7KHUHVXOWVUHSRUWHGDERYHVXJJHVWWKDWWKHIXQFWLRQDOFRQQHFWLYLW\EHWZHHQLQGLYLGXDO2)&YR[HOVDQGWKHUHVWRIϯϬϬ
WKHEUDLQZDVV\VWHPDWLFDOO\DOWHUHGE\'5EORFNDGHLQGLFDWLQJD'$GHSHQGHQWUHFRQILJXUDWLRQRIIXQFWLRQDOϯϬϭ
2)&QHWZRUNV,QSULQFLSOH'$LQGXFHGFKDQJHVLQWKHIXQFWLRQDOFRQQHFWLYLW\RIWKH2)&FRXOGEHORFDOL]HGWRϯϬϮ
VSHFLILFSDUWVRIWKHEUDLQRUFRXOGLQYROYHWKHVLPXOWDQHRXVPRGXODWLRQRIGLVWULEXWHGORQJUDQJHFRQQHFWLRQVϯϬϯ
7RGLUHFWO\WHVWIRUVXFKFKDQJHVLQWKHFRQQHFWLYLW\SDWWHUQVRI2)&VXEUHJLRQVZHXWLOL]HGDPXOWLYDULDWHϯϬϰ
GHFRGLQJDSSURDFK6SHFLILFDOO\IRUHDFKVXEUHJLRQLQWKH.DQG.SDUFHOODWLRQZHXVHGLWVZKROHEUDLQϯϬϱ
FRQQHFWLYLW\SDWWHUQWRGHFRGHZKHWKHUVXEMHFWVKDGUHFHLYHGSODFHERRUDPLVXOSULGHSULRUWRVFDQQLQJ,QRUGHUWRϯϬϲ
DYRLGELDVHVZHXVHGDSDUFHOODWLRQWKDWZDVEDVHGRQDOOVXEMHFWV)LJXUH$DQG%KRZHYHUFRPSDUDEOHϯϬϳ
UHVXOWVZHUHREWDLQHGZKHQXVLQJWKHSDUFHOODWLRQEDVHGRQWKHSODFHERJURXSRQO\ϯϬϴ
'HFRGLQJRIJURXSPHPEHUVKLSIURPWKHZKROHEUDLQFRQQHFWLYLW\SDWWHUQVRIERWKFOXVWHUVLQWKH.ϯϬϵ
SDUFHOODWLRQZDVVLJQLILFDQWO\DERYHFKDQFHPHGLDOFOXVWHU>@DFFXUDF\ pDQWHULRUODWHUDOϯϭϬ
FOXVWHU>@DFFXUDF\ p )LJXUH&,QWKH.SDUFHOODWLRQZHIRXQGWKDWGUXJFRQGLWLRQFRXOGϯϭϭ
EHGHFRGHGVLJQLILFDQWO\DERYHFKDQFHIURPWKHFRQQHFWLYLW\SDWWHUQVRIDOOEXWWZR2)&VXEUHJLRQV6LJQLILFDQWϯϭϮ
GHFRGLQJDFFXUDFLHVZHUHIRXQGLQWKHPHGLDODFFXUDF\ p SRVWHULRUPHGLDODFFXUDF\ ϯϭϯ
pFHQWUDODFFXUDF\ pDQGDQWHULRUODWHUDOFOXVWHUDFFXUDF\ pϯϭϰ
7KHGHFRGLQJDFFXUDFLHVLQWKHSRVWHULRUODWHUDODFFXUDF\ p DQGPLGODWHUDOϯϭϱ
FOXVWHUDFFXUDF\ p ZHUHQRWVLJQLILFDQWO\GLIIHUHQWIURPFKDQFH,QVXPPDU\'5EORFNDGHϯϭϲ
PRGXODWHGWKHZKROHEUDLQFRQQHFWLYLW\SDWWHUQVRIPHGLDODQGFHQWUDO2)&VHFWRUVZKLOHOHDYLQJFRQQHFWLYLW\RIϯϭϳ
WKHSRVWHULRUODWHUDOFOXVWHUVXQDIIHFWHGϯϭϴ


7RUHYHDOWKHEUDLQUHJLRQVLQZKLFKWKHFRQQHFWLYLW\WRLQGLYLGXDO2)&VXEUHJLRQVZDVPRGXODWHGE\'5ϯϭϵ
EORFNDGHZHXVHGWKHZHLJKWVRIWKH690FODVVLILHUWRHVWLPDWHYR[HOZLVHFRQQHFWLYLW\SDWWHUQVWKDWϯϮϬ
GLVWLQJXLVKHGEHWZHHQJURXSV+DXIHHWDO)RUWKH.SDUFHOODWLRQ'5EORFNDGHHQKDQFHGFRQQHFWLYLW\ϯϮϭ
RIWKHPHGLDO2)&FOXVWHUZLWKWKHDP\JGDODKLSSRFDPSXVWKHVXSHULRUIURQWDOJ\UXVWKHDQWHULRUFLQJXODWHϯϮϮ
FRUWH[WKHSRVWHULRULQVXODDQGWKHDQWHULRULQIHULRUDQGPLGGOHWHPSRUDOJ\UXV)LJXUH$7DEOHϯϮϯ
&RQYHUVHO\DPLVXOSULGHUHGXFHGFRQQHFWLYLW\RIWKHPHGLDO2)&FOXVWHUZLWKSRVWHULRULQIHULRUWHPSRUDOJ\UXVϯϮϰ
IXVLIRUPJ\UXVSUHFXQHXVDQGLQIHULRUDQGVXSHULRUSDULHWDOOREH,QWKHDQWHULRUODWHUDOFOXVWHU'5ϯϮϱ
EORFNDGHHQKDQFHGFRQQHFWLYLW\ZLWKWKHPHGLDODQGPLGGOHIURQWDOJ\UXVDQGWKHSRVWHULRULQVXODDQGUHGXFHGϯϮϲ
FRQQHFWLYLW\ZLWKWKHPLGEUDLQWKHIXVLIRUPJ\UXVWKHSUHFXQHXVDQGWKHVXSHULRUSDULHWDOOREH)LJXUH%ϯϮϳ
7DEOHϯϮϴ
,QWKH.SDUFHOODWLRQ'5EORFNDGHHQKDQFHGFRQQHFWLYLW\EHWZHHQWKHPHGLDO2)&FOXVWHUDQGWKHϯϮϵ
VXSHULRUDQGPLGGOHIURQWDOJ\UXVWKHDQWHULRUFLQJXODWHFRUWH[DQGWKHLQIHULRUDQGPLGGOHWHPSRUDOJ\UXV,QϯϯϬ
FRQWUDVWVXEMHFWVLQWKHDPLVXOSULGHJURXSVKRZHGUHGXFHGPHGLDO2)&FRQQHFWLYLW\ZLWKWKHIXVLIRUPJ\UXVDQGϯϯϭ
VXSHULRUSDULHWDOOREH)LJXUH$7DEOH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